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7KH FRQVXPSWLRQ RI RUJDQLF IRRG LQFOXGLQJ IUXLWV YHJHWDEOHV FHUHDOV DQG DQLPDO RULJLQ
SURGXFWVVKRZHGDQLQFUHDVLQJWUHQGLQPDQ\PDUNHWVHVSHFLDOO\LQWKHGHYHORSHGFRXQWULHV
7KLV LV DVVRFLDWHGZLWK WKH IDFW WKDW FRQVXPHUVEHOLHYHRUJDQLF IRRGSURGXFWV DUHKHDOWKLHU
VDIHU DQG EHWWHU IRU WKH HQYLURQPHQW DQG DQLPDO ZHOIDUH WKDQ FRQYHQWLRQDO IRRG 7KLV
SHUFHSWLRQ MXVWLILHV WKHSUHPLXPSULFHIRURUJDQLF IRRGSURGXFWV $U\DOHWDO :LOOHU
DQG6FKDDFN2UJDQLFSULPDU\SURGXFWLRQLVGHILQHGDVDV\VWHPRIIDUPPDQDJHPHQW
DQGIRRGSURGXFWLRQWKDWFRPELQHVEHVWHQYLURQPHQWDOSUDFWLFHVDKLJKOHYHORIELRGLYHUVLW\
WKH VXVWDLQDEOH FXOWLYDWLRQ V\VWHPV WKH DSSOLFDWLRQ RI KLJK DQLPDOZHOIDUH VWDQGDUGV DQG D




HQYLURQPHQW ZLWKRXW WKH DSSOLFDWLRQ RI DQWLELRWLFV V\QWKHWLF JURZWK SURPRWHUV DQG RWKHU
V\QWKHWLFFKHPLFDOVGXULQJRUJDQLFPLONSURGXFWLRQ*DOJDQRHWDO6FKZHQGHOHWDO











WKHLU SURGXFWV DUH SURKLELWHG 3URGXFWV WKDW VKRXOG EH XVHG IRU FOHDQLQJ DQG GLVLQIHFWLRQ
VKRXOGKDYHPLQLPDOHIIHFW RQ WKH HQYLURQPHQW DQG GDLU\SURGXFWLRQ7R VHOO RUJDQLFPLON
DQGWRXVHWKHRUJDQLFORJRIDUPHUVPXVWEHFHUWLILHG(86HUELD
&RPSRVLWLRQRIERYLQHPLON LV LQIOXHQFHGE\PDQ\GLIIHUHQW IDFWRUVDQG LW LVGHSHQGHQWRQ
ERWKLQGLYLGXDODQLPDODQGHQYLURQPHQWVXFKDVIHHGEUHHGPDQDJHPHQWVHDVRQHWF0DQ\
GLIIHUHQW VWXGLHV KDYH EHHQ LQYHVWLJDWLQJ LI WKHUH LV D GLIIHUHQFH LQ PLON FRPSRVLWLRQ DQG




PLONSURGXFHG LQRUJDQLF DQG FRQYHQWLRQDO IDUPRI VLPLODU VL]H$GGLWLRQDOO\ZHDLPHG WR








WZR IDUPVSURGXFLQJRQO\ FRQYHQWLRQDOPLON &50± FRQYHQWLRQDO UDZPLON7KHRUJDQLF
KHUGVL]HZDV+ROVWHLQDQG%URZQ6ZLVVFRZVZKLOHKHUGVL]HZDVDQG+ROVWHLQ
FRZVIRUWKHWZRFRQYHQWLRQDOKHUGV0HDQPLON\LHOGSHUFRZZDVNJIRUWKHRUJDQLF






$&& XVLQJ WKH VWDQGDUG ,627KH UHVXOWV REWDLQHG IRU$&& LQ UDZPLONZHUH
H[SUHVVHGDVORJ&)8PO6RPDWLFFHOOFRXQWZDVGHWHUPLQHGXVLQJ)RVVRPDWLF0LQRU)RVV









ZDV LQYROYHG LQ ILUVW SDUW RI WKLV VWXG\ZDV WKHSURGXFHU RI ERWK W\SHV RI SDVWHXUL]HGPLON
VDPSOHV,QWRWDOWKUHHVDPSOHVRI&30DQGWKUHHVDPSOHVRI230ZHUHUDQGRPO\WDNHQIURP









ZHUHDFTXLUHG IRUHDFK VDPSOH LQRUGHU WRFDSWXUHYDULDWLRQGXH WRSRWHQWLDOPLFURGRPDLQ




&ROOHFWHG 5DPDQ VSHFWUD ZHUH SUHSURFHVVHG SULRU WR FRPSDULVRQ )LUVW WKH FRVPLF VSLNHV
ZHUHUHPRYHGZLWKWKHGHGLFDWHGIHDWXUHLQWKH/DE6SHFVRIWZDUH7RFDQFHORXWYDULDWLRQV
EHWZHHQ WKH LQGLYLGXDO VSHFWUD WKH EDFNJURXQG GXH WR IOXRUHVFHQFH RI WKH VDPSOH RU
IOXFWXDWLRQRI WKH WHPSHUDWXUHRQ WKH&&'ZDVUHPRYHGHPSOR\LQJDPHWKRGEDVHGRQ WKH
61,3 FOLSSLQJ DOJRULWKP 0RUKiþ HW DO  DQG WKHQ WKH VSHFWUD ZHUH QRUPDOLVHG
)ROORZLQJWKDWWKHVSHFWUDOUHJLRQVWRFPDQGWRFPZHUHFXW)LQDOO\
LQRUGHUWRLQYHVWLJDWHWKHGLIIHUHQFHVEHWZHHQWKHPLONVDPSOHVPHDQVSHFWUDZHUHFRPSDUHG
E\ FDOFXODWLQJ GLIIHUHQFH VSHFWUXP 7KH VWDWLVWLFDO WUHDWPHQW RI WKH GDWD H[FHSW IRU FRVPLF





9LVXDO FRORU RI VDPSOHVZDVPHDVXUHG EDVHG RQ +XQWHU FRORU SDUDPHWHUV / D DQG E
XVLQJ&96$ GLJLWDO FDPHUD IHDWXULQJ D 0HJDSL[HO&&' VHQVRUZDV XVHG IRU LPDJH
DFTXLVLWLRQ7KHFDPHUDZDVORFDWHGYHUWLFDOO\DWDGLVWDQFHRIFPIURPWKHVDPSOH7KH
FDPHUD VHWWLQJZDV WKH IROORZLQJ VKXWWHU VSHHG VPDQXDO RSHUDWLRQPRGH DSHUWXUH$Y
) ,62 YHORFLW\  IODVK RII IRFDO GLVWDQFH PP OHQV '76PP I 
/LJKWLQJ ZDV DFKLHYHG ZLWK IRXU IOXRUHVFHQW ODPSV 7KH FDPHUD ZDV FDOLEUDWHG ZLWK D 




DQG &,( /DE '  REVHUYHU 7KH PRQLWRU ZLWK D V5*% JDPXW 6WDQGDUG 5*% ZDV
FDOLEUDWHG ZLWK ;5LWH L 'LVSOD\ 3UR GHYLFH E\ VHOHFWLQJ ZKLWH FKURPDWLFLW\ DW  .







$ WRWDORIDVVHVVRUV PDOHDQGIHPDOHSDUWLFLSDWHG LQ WKH WULDQJOH WHVW IRURUJDQLF
DQGFRQYHQWLRQDOSDVWHXUL]HGPLONVDPSOHV)RURQHSDUWLFLSDQWWKHRGGSURGXFWZDVWKHVDPH
IRU WKH WZR UHSOLFDWLRQV EXW WKH VL[ WULDGV $$%$%$%$$%%$$%%DQG%$%ZHUH
FRXQWHUEDODQFHG RYHU SDUWLFLSDQWV DW HDFK UHSOLFDWLRQ ,62  6DXYDJHRW HW DO 
7HVWVZHUHFDUULHGLQWKH/DERUDWRU\IRU6HQVRU\DQDO\VLV)DFXOW\RI$JULFXOWXUH8QLYHUVLW\
RI%HOJUDGH LQGDUNHQHG FRQGLWLRQV6DPSOHVZHUHSUHVHQWHG LQZKLWHSODVWLF FXSVDQG
P/ RI VDPSOHV ZHUH SUHVHQWHG LQ  P/ FXSV &RROLQJ WHPSHUDWXUH RI PLON ZDV R&
6DPSOHVZHUHVHUYHGLPPHGLDWHO\DIWHURSHQLQJ
,QVWUXFWLRQV WR WKH SDUWLFLSDQWV LQFOXGHG L D SUHVHQWDWLRQ RI WKH WDVN LL WKH REOLJDWLRQ WR
HYDOXDWH WKH VDPSOHV LQ WKH LPSRVHG RUGHU LLL WKH REOLJDWLRQ WR JLYH D UHVSRQVH LY WKH
SRVVLELOLW\WRJLYHWKHLURSLQLRQRIWKHGHJUHHRIGLIIHUHQFHEHWZHHQWKHVDPSOHWKH\FKRVHDQG
WKH RWKHUV E\ FLUFOLQJ RQH RI WKH IROORZLQJ GHVFULSWRUV ZKLFK PRVW FORVHO\ GHVFULEHV WKH















IDUPV FRXOGEH UHODWHG WR WKH IDFW WKDW RUJDQLFKHUG FRQVLVWHGRI+ROVWHLQ DQGQRQ+ROVWHLQ
EUHHGV%URZQ6ZLVVZKHUHDVFRQYHQWLRQDOKHUGVKDGPDLQO\+ROVWHLQEUHHGV1DXWDHWDO
 2XU UHVXOWV DUH LQ OLQHZLWK WKRVH SUHVHQWHG E\ =DJRUVND DQG &LSURYLFD  IRU
RUJDQLF DQG FRQYHQWLRQDO PLON VDPSOHV REWDLQHG LQ /DWYLD 1HYHUWKHOHVV 0OOHU DQG
6DXHUZHLQDQG.XF]\ĔVNDHWDOUHSRUWHGWKDWWKDWWKHUHLVQRGLIIHUHQFHLQIDW
FRQWHQW UHODWHG WR RUJDQLF RU FRQYHQWLRQDO SURGXFWLRQ V\VWHP LQ *HUPDQ\ DQG 3RODQG
UHVSHFWLYHO\
$OWKRXJKRXU UHVXOWV LQGLFDWHG WKDW UDZPLON VDPSOHVSURGXFHG LQRUJDQLF IDUPKDGJUHDWHU
SHUFHQWDJHRISURWHLQFRPSDUHGWRPLONSURGXFHGLQFRQYHQWLRQDOIDUPVWKLVGLIIHUHQFHZDV
QRWVWDWLVWLFDOO\VLJQLILFDQW36HYHUDOVWXGLHVUHSRUWHGWKDW WKHUHLVQRGLIIHUHQFHLQ
SURWHLQ FRPSRVLWLRQ EHWZHHQ RUJDQLF DQG FRQYHQWLRQDO UDZ PLON VDPSOHV 0OOHU DQG
6DXHUZHLQ  7ROHGR HW DO  DOWKRXJK RWKHU VWXGLHV VKRZHG YDULDEOH UHVXOWV
*DOJDQRHWDO6FKZHQGHOHWDO&RPSRVLWLRQRIPLONLQFOXGLQJIDWDQGSURWHLQ
FRQWHQW LV YHU\ GHSHQGHQW RQ WKH FRZGLHW FRPSRVLWLRQ EUHHG LQGLYLGXDO DQLPDO JHQHWLFV
PDQDJHPHQW VWDJH RI ODFWDWLRQ DQG VHDVRQ &RSSD HW DO  /DUVHQ HW DO  DQG
WKHUHIRUHLWLVGLIILFXOWWRFRQFOXGHWKDWREWDLQHGGLIIHUHQFHVLQPLONFRPSRVLWLRQDUHDWWULEXWHG
WRWKHIDUPLQJV\VWHPDORQH
7KH VRPDWLF FHOO FRXQW 6&& LQPLON SUHVHQWV DQ LPSRUWDQW LQGLFDWRU IRU WKH XGGHU KHDOWK
7KH WKHUDS\ WR WUHDW PDVWLWLV XVXDOO\ LQFOXGHV D ODUJH SURSRUWLRQ RI DQWLELRWLF GUXJV LQ
FRQYHQWLRQDOIDUPVZKLOHRUJDQLFSURGXFWLRQVKRXOGUHGXFHWKHXVDJHRIDQWLELRWLFV,W LVRI
QRWH WKDW WKH VSHFLILF UXOHV DQG UHJXODWLRQV RQ RUJDQLF IDUPLQJ GLIIHU DPRQJ FRXQWULHV
6FKZHQGHOHWDO'XHWRUHVWULFWLRQVWKDW WKHRUJDQLFVWDQGDUGVLPSRVHRQWUHDWPHQW
RSWLRQVIRUGLVHDVHGDQLPDOVRUJDQLFIDUPVQHHGWRSXWPRUHHPSKDVLVRQSUHYHQWLRQUDWKHU
WKDQ WUHDWPHQW RI GLVHDVHV 7R DFFRXQW IRU OLPLWHG XVDJH RI DQWLELRWLFV RUJDQLF SURGXFWLRQ
VKRXOGLQFOXGHDQLPDORSWLPDOFDUHDGHTXDWHIHHGDQGKRXVLQJWRNHHSDQLPDOVKHDOWK\2XU
UHVXOWV LQGLFDWHG WKDW 6&& ZDV VLJQLILFDQWO\ ORZHU LQ WKH UDZ PLON VDPSOHV SURGXFHG LQ
RUJDQLFIDUPFRPSDUHGWRFRQYHQWLRQDOIDUPV7DEOH3,QRUJDQLFKHUGVWKHPLON
\LHOGZDVORZHUFRPSDUHGWRFRQYHQWLRQDOKHUGVZKLFKPLJKWH[SODLQREWDLQHGGLIIHUHQFHVLQ
6&& %XVDWR HW DO  2WKHU SRVVLEOH UHDVRQ FRXOG EH UHODWHG WR IHHGLQJ SUDFWLFHV
GLIIHUHQWDWWLWXGHDQGGLVHDVHPDQDJHPHQW6XQGUXP6LPLODUUHVXOWVWRWKRVHREWDLQHG
LQ WKLV VWXG\ ZHUH DOVR UHSRUWHG LQ 6ZHGHQ +DPLOWRQ HW DO  7ROHGR HW DO 
1RUZD\*DUPRHWDODQG6ORYDNLDýXERĖHWDO:LWKLQWKHFXUUHQW(XURSHDQ
DQG6HUELDQOHJLVODWLRQRUJDQLFIDUPHUVFDQVWLOOPDQDJHPDVWLWLVGXHWRWKHIDFWWKDWFRZVFDQ
UHFHLYH WZR FRQYHQWLRQDO WUHDWPHQWV SHU \HDU DQG WKH WUHDWPHQW RI D GLVHDVH HSLVRGH RI
PDVWLWLVLVVHHQDVRQHWUHDWPHQWSURFHGXUH(8
7KHDSSOLFDWLRQRIJRRGK\JLHQHSUDFWLFHVLVUHTXLUHGDWERWKIDUPLQJV\VWHPV1HYHUWKHOHVV
RXU UHVXOWV LQGLFDWHG WKDW SDUDPHWHUV VXFK DV DFLGLW\ RI PLON RU ³IUHVKQHVV´ LQGLFDWRU
WHPSHUDWXUHDQG$&&IRUUDZRUJDQLFPLONZHUHVLJQLILFDQWO\GLIIHUHQWIURPWKRVHREWDLQHG
IRUFRQYHQWLRQDOPLONVDPSOHV3$OWKRXJKWKHWHPSHUDWXUHRIERWKFRQYHQWLRQDODQG
RUJDQLF UDZPLON VDPSOHVDUH LQ OLQHZLWK WKHFXUUHQW OHJLVODWLRQ (86HUELD 
VLJQLILFDQWO\ORZHUWHPSHUDWXUHDWWKHPLONGHOLYHU\ZDVVHHQIRURUJDQLFPLONVDPSOHV&
FRPSDUHG WRFRQYHQWLRQDOPLONVDPSOHV!&$GGLWLRQDOO\$&&IRU250VDPSOHVZHUH
ORZHU IRU DSSUR[  ORJ &)8PO FRPSDUHG WR &50 VDPSOHV 7KLV LV UHODWHG WR WKH ORZHU
WHPSHUDWXUH WKDW ZDV REVHUYHG IRU 250 VDPSOHV DV WKH EDFWHULDO FRXQW LQ EXON PLON LV
DIIHFWHG E\ WKH WHPSHUDWXUH 2¶&RQQHOO HW DO  $GGLWLRQDOO\ WKH GLIIHUHQFH PLJKW
LQGLFDWH EHWWHU K\JLHQLF FRQGLWLRQV GXULQJPLONLQJ LQ RUJDQLF IDUP DV$&& LV D SDUDPHWHU
XVXDOO\DVVRFLDWHGZLWKGLUHFWFRQWDPLQDWLRQLQWKHGDLU\IDUPHQYLURQPHQWVXFKDVDLUVRLO
ZRUNHUVK\JLHQHIHDFHVJUDVVDQGH[FUHWLRQIURPWKHXGGHURIDQLQIHFWHGDQLPDO$QJXORHW








PRUH DWWHQWLRQ LV SDLG IURP ERWK IDUP RZQHU DQG RWKHU VWDNHKROGHUV WR NHHS DOO K\JLHQH
SDUDPHWHUVDWWKHKLJKHVWOHYHOSRVVLEOH
3DVWHXUL]HGPLONTXDOLW\
0DQ\ FRQYHQWLRQDO IDUPV RI GLIIHUHQW VL]HV GHOLYHU UDZ PLON WR GDLU\ IDFWRU\ WKDW ZDV
LQYROYHGLQWKLVVWXG\$OOFRQYHQWLRQDOUDZPLONGHOLYHULHVDUHSRROHGWRJHWKHUDQGSURFHVVHG
LQWRGLIIHUHQWGDLU\SURGXFWV LQFOXGLQJSDVWHXUL]HGPLON$VDOUHDG\PHQWLRQHG LQ5HSXEOLF
RI6HUELD FXUUHQWO\ RQO\ RQH IDUP LV SURGXFLQJPLONDFFRUGLQJ WRRUJDQLF SURGXFWLRQ UXOHV
DQG WKHUHIRUH DOO PLON FROOHFWHG IURP WKLV IDUP LV XVHG IRU IXUWKHU SURFHVVLQJ LQWR RUJDQLF
GDLU\SURGXFWV




GLIIHUHQFHVDPRQJFRQYHQWLRQDODQGRUJDQLF IDUPLQJSUDFWLFHV ,Q D VHOHFWHGPRPHQW WKUHH
SDVWHXUL]HG PLON VDPSOHV IURP FRQYHQWLRQDO DQG WKUHH SDVWHXUL]HG PLON VDPSOHV RUJDQLF







RUJDQLF DQG FRQYHQWLRQDO PLON FRPSULVH RI EDQGV SRVLWLRQHG DW  FPí  FP
FPí  FPí  FPí  FPí  FP  FPí LQ ORZ ZDYHQXPEHU
ZLQGRZ DQG DW  FP  FP  FP LQ KLJKZDYHQXPEHUZLQGRZ 7KH SHDNV
REVHUYHGLQWKH5DPDQVSHFWUDRIPLONVDPSOHVEHORQJSUHGRPLQDQWO\WRWKHOLSLGPROHFXOHV
%DQGVDW FPí  FP FPí VKRXOGHU DW  FPí  WKHSURPLQHQW SHDN DW
FPíDQGWKHRQHDWFPDULVHIURP& 2VWUHWFKLQJYLEUDWLRQRIFDUER[\OJURXS
& & FLV GRXEOHERQG VWUHWFKLQJ YLEUDWLRQ RI 5+& &+5 &±+ VFLVVRULQJ RI ±&+ &±+
WZLVWLQJ RI WKH ±&+ JURXS EHQGLQJ DW WKH FLV GRXEOH ERQG LQ 5±+& &+±5 DQG &&
VWUHWFKLQJUHVSHFWLYHO\(O$EDVV\HWDO*DOOLHUHWDO,QWKHKLJKZDYHQXPEHU
UHJLRQ WKH SHDNV DW  FP  FP DQG  FPí DUH DWWULEXWHG WR &+ DQG &+
V\PPHWULFDQGDQWLV\PPHWULFVWUHWFKLQJ*DOOLHUHWDO$GGLWLRQDOO\FDURWHQRLGSHDN




WKH VXEWUDFWLRQRI WZRVSHFWUDZRXOGFHUWDLQO\KLJKOLJKW YDULDWLRQV LQ WKH UHODWLYH LQWHQVLWLHV
EHWZHHQ WKHP (YHQ WKRXJK QR SURPLQHQW GLIIHUHQFH IHDWXUHV KDYH EHHQ IRXQG ORZHU





,QVWUXPHQWDO FRORU GLIIHUHQFHV ZHUH REVHUYHG EHWZHHQ 230 DQG &30 VDPSOHV $OO
SDVWHXUL]HGPLONVDPSOHVRULJLQDWLQJIURPRUJDQLF IDUPKDGDVLJQLILFDQWO\KLJKHU/YDOXH
 WKDQ WKRVH VDPSOHV IURP FRQYHQWLRQDO IDUPV  LQGLFDWLQJ WKDW 230 LVPRUH
ZKLWHFRPSDUHGWR&30VDPSOHV7KLVZDVXQH[SHFWHGGXHWRWKHIDFWWKDWFRORURIPLONIURP
FRZVIHGVLODJHDQGJUDLQFRQYHQWLRQDOGLHWVHHPVWREHZKLWHUFRPSDUHGWRFRZVIHGZLWK
JUHHQ SDVWXUH RUJDQLF GLHW 6RODK HW DO  2Q WKH RWKHU VLGH &DPSEHOO HW DO 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$ VLPLODULW\ WHVW LV XVHG ZKHQ WKH LQWHUHVW LV WR GHPRQVWUDWH WKDW WKH WHVW VDPSOHV DUH
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/ROLXP







(OPRVOHPDQ\$0.HHIH*3'RKRR ,5:LFKWHO --6WU\KQ+ DQG'LQJZHOO57 




(8  &RXQFLO 5HJXODWLRQ (& 1R  RI  -XQH  RQ RUJDQLF SURGXFWLRQ DQG
ODEHOOLQJRIRUJDQLFSURGXFWVDQGUHSHDOLQJ5HJXODWLRQ((&1R2IILFLDO-RXUQDORIWKH
(XURSHDQ8QLRQ9RO/1RSS











%RUUHDQL *  (IIHFW RI PLON WKHUPLVDWLRQ DQG IDUPLQJ V\VWHP RQ FKHHVH VHQVRU\
SURILOHDQGIDWW\DFLGFRPSRVLWLRQ,QWHUQDWLRQDO'DLU\-RXUQDO9RO1RSS
+DPLOWRQ&(PDQXHOVRQ8)RUVOXQG.+DQVVRQ,DQG(NPDQ70DVWLWLVDQGUHODWHG




,')  ,')   ,62  0LON 'HWHUPLQDWLRQ RI IDW FRQWHQW ,Q %UXVVHOV
%HOJLXP,QWHUQDWLRQDO'DLU\)HGHUDWLRQ1R
,62  ,62  6HQVRU\ DQDO\VLV ² 0HWKRGRORJ\ ² 7ULDQJOH WHVW ,QWHUQDWLRQDO
2UJDQL]DWLRQIRU6WDQGDUGL]DWLRQ*HQHYD6ZLW]HUODQG
,62,6276,')50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